Scalar top quarks (stops) could be the lightest visible Supersymmetric particles and thus to be discovered first. We report on searches for stops using the data taken at the Z pole with a total integrated luminosity of 104 pb −1 and the first LEP2 data taken in November 1995 at center-of-mass energies between 130 and 140 GeV of 5.2 pb −1 . No signal is observed. We set model-independent limits on the production cross section, and mass limits in the Minimal Supersymmetric extension of the Standard Model.
Introduction
The Standard Model [1] has been very successful in describing data concerning electroweak interactions. However, it leaves many fundamental parameters unexplained such as the electroweak mixing parameter sin θ W . The quadratic divergences of scalar masses at the one-loop level and the large difference between the electroweak and grand unification scales (hierarchy problem) are further problems of the Standard Model. Supersymmetry [2] addresses some of these questions. The Minimal Supersymmetric extension of the Standard Model (MSSM) predicts the existence of partners of the Standard particles with spin differing by half a unit.
Scalar top quarks (stops) are the Supersymmetric partners of the top quark. Stops can be much lighter than all other squarks due to the large mass of the top quark, since the mass splitting by left-right mixing,t 1 =t L cos θ LR +t R sin θ LR , may drive the lower mass eigenstatet 1 to be the lightest supersymmetric charged state [3] . Thus, it could be discovered in the energy range of LEP. The stop production depends on two free parameters, the stop mass mt and the mixing angle θ LR . For cos θ LR = 1 the maximum cross section is expected. For cos θ LR = 0.57 the stop decouples completely from the Z and can be produced only via γ exchange. On the Z pole the cross section varies by nearly three orders of magnitude as a function of cos θ LR . Therefore, the high statistics of LEP1 as well as the larger kinematic reach of the LEP1.5 data is used in this analysis.
The decay mode of the stop depends mainly on its mass and the mass of the decay products. In the following we assume the stop to be the lightest charged Supersymmetric particle, therefore, its dominant decay is intoχ 0 1 c, where the neutralinoχ 0 1 is the lightest Supersymmetric particle assumed to be stable and non-interacting.
Previous limits obtained at LEP are reported elsewhere [4] . Limits on the stop mass up to 105 GeV are reported from the D0 collaboration only for smallχ 0 1 masses [5] .
The L3 Detector
The L3 detector [6] covers 99% of the 4π solid angle. It consists of a silicon microvertex detector (SMD), a central tracker with a time expansion chamber (TEC) surrounded by two thin proportional (Z-)chambers, a forward-backward tracking chamber, a high resolution electromagnetic calorimeter (ECAL) composed of Bismuth Germanium Oxide (BGO) crystals, a ring of scintillation counters, a uranium brass hadron calorimeter with proportional wire chambers (HCAL), and a high-precision muon chamber spectrometer (MUCH). These detectors are located in a 12 m diameter magnet providing a uniform field of 0.5 T along the beam direction. Forward BGO arrays (LUMI) on each side of the detector measure the luminosity by detecting position and the energy deposit of small angle Bhabha events.
Signal and Background Reactions
The L3 event generator [7] has been used to generate 28 samples at the Z pole of 1000 e + e − →t 1t1 →χ 0 cχ 0 c events each and 78 samples at √ s ≈ 136 GeV. For both centerof-mass energies the stop and neutralino masses are varied in steps of 5 GeV up to the kinematic production limit. At the Z pole, the background has been generated with JET-SET 7.3 [8] and HERWIG 4.2 [9] for Z →events, KORALZ [10] for Z → τ + τ − events, DIAG36 [11] for pointlike and TWOGEN [12] for non-pointlike two-photon interactions.
The 
Event Selection LEP1
In theχ 's escape the detector leading to missing energy. The c-quarks form mostly two acoplanar jets with high multiplicities. At the Z pole two sets of cuts are applied, one for small and one for large mass differences between stop and neutralino, ∆m. In order to determine the final selection efficiencies, the logical OR of both selections is taken. The cuts are tuned for the signal mass combinations mt = 43(43) GeV and m χ 0 = 43(13) GeV and the background reactions. Then, they are applied to all the other signal mass combinations, as well as the data.
For the analysis of the data at the Z pole, the same preselection of unbalanced hadronic events as for the invisible Higgs search is applied [14] . The preselection gives signal efficiencies ranging from 13% to 83% depending on stop and neutralino masses and about 23000 background and data events remain.
For the final selection we have applied the following procedure to the signal and the Monte Carlo background events. We have chosen two different sets of cuts, each one being optimized for small and large differences between stop and neutralino masses. The final selection is the logical OR of these two selections. The selection variables are :
1. Number of charged tracks measured in the TEC, N tr .
Energy deposited in the ECAL
4. Number of calorimetric clusters, N cl .
5. Missing energy transverse to the beam pipe, E miss T .
6. Thrust value of the event, T .
7. Thrust direction of the event with respect to the beam pipe, cos θ T .
8. Missing energy direction with respect to the beam pipe, cos θ miss .
Energy deposited in a cone of 25
• half opening angle around the missing energy direction, EM25.
Energy in a cone of 60
• half opening angle opposite to the sum of the unit vector directions of the two jets, EC60.
Energy in a cone of 90
• half opening angle opposite to the sum of the unit vector directions of the two jets, EC90.
12. Acollinearity angle defined for two jets as the angle θ 12 between the jets, and for three jets as (θ 12 + θ 23 + θ 31 )/2, θ 123 .
13. Acoplanarity angle between the jets in the plane perpendicular to the beam pipe, θ acop .
Selection variables 10, 11, and 13 are defined after the event has been forced into two jets. The distributions of the acoplanarity for the small and large ∆m selections are shown in Figs. 1 to 2. Further datails are given in [15] . The selection efficiencies are given in Table 2 . Table 2 : Detection efficiencies in percent as function of stop and neutralino masses (in GeV). Interpolated numbers are given without the 1/10 digit.
Two Monte Carlo signal points for the beam energies of 91.25 GeV (on the Z pole) and 93.55 GeV have been simulated with stop masses at the kinematic threshold and ∆m = 10 GeV. The corresponding efficiencies are 33.5% and 31.7%, therefore, no efficiency reduction at the threshold is observed.
Event Selection LEP1.5
For √ s ≈ 136 GeV different selection cuts have been applied. The data sample is enriched with hadronic events. The following selection requirements are used:
The requirement that at least two scintillators have to be in time rejects all cosmics and beam gas events. Requiring a large number of hadronic clusters removes e + e − , µ + µ − , and most of τ + τ − background. Jets are clustered using the JADE [16] algorithm. The ycut value is optimized to obtain two jets for the signal. A ycut value of 0.02 has been chosen. Few signal events form three jets in the final state.
Charm jets are characterized by jets with a large number of tracks. A minimum requirement of more than three charged tracks in the final state is fulfilled by most of the two charm events even in the case of large missing energy.
After the preselection the simulated signal efficiency is 77.6% for mt 1 = 50 GeV and mχ0 1 = 40 GeV, 2370 data and 2386 background events remain. Final event selection cuts are summarized in Table 3 and explained below. A detailed study of the individual effects of the different cuts on the various backgrounds can be found in [7] . Further datails are given in [17] .
• An upper energy cut removes most of the standardbackground, E vis / √ s < 0.57.
• The remaining τ + τ − background events are reduced by a cut on the thrust angle, | cos θ T | < 0.95.
• The remainingand eeZ background events are reduced by requiring 19% transverse energy imbalance and a cut function, E miss T /E vis ≥ 0.45 − 1.6(E vis / √ s − 0.1). This cut is shown in Fig. 3 .
• Events are rejected where the reconstructed jet direction points closely to the beam axis, | cos θ jet | < 0.93.
• The acollinearity angle is defined for two jets as the angle θ 12 between the jets, and for three jets as (θ 12 + θ 23 + θ 31 )/2. It is π if 3 jets are planar or 2 jets are collinear. A maximum value of 2.95 rad is required to reduce further two-photon interactions.
• The acoplanarity angle is defined as π plus the angle between the jets in the plane perpendicular to the beam axis. A maximum value of 2.85 rad is required to reduce two-photon interactions (Fig.4) .
After all cuts no data event survives, while 0.8 background events are expected. The efficiency is 47.5 % for the mt = 50 GeV and m χ 0 = 40 GeV signal mass combination. The efficiencies for the 78 signal samples are shown in Table 4 
Detector Inefficiencies
We have studied the trigger efficiency for the simulated signal using a simulation program for the TEC and energy triggers by [18] . Table 5 shows the trigger efficiencies for different stages of the event selection: a) no cuts applied and b) after all cuts applied. We show the efficiencies for TEC and energy trigger separately as well as the combined efficiency. It is interesting to note that the TEC trigger efficiency is reduced after all cuts are applied, since the TEC trigger is more efficient for back-to-back events. The combined trigger efficiencies are slightly lower after all cuts, due to the lower TEC trigger efficiencies. The trigger efficiency is linearly interpolated from 60% at ∆m = 5 GeV to 96% at ∆m = 30 GeV. 
57 ± 2 38 ± 2 77 ± 2 40 ± 4 33 ± 4 61 ± 4 91,43,38 59 ± 2 20 ± 2 70 ± 2 50 ± 14 33 ± 14 66 ± 14 Table 5 : Trigger efficiencies for simulated stop signals, before and after the selection has been applied. The effect of the TEC and energy triggers alone has also been shown.
The time-dependent dead regions in the BGO can result in background from Z →decays with missing energy. The rejection of this background leads to a reduction of the detection efficiency. The effect of dead BGO boxes is treated in the same way as for the invisible Higgs search [14] . The precise extent (in polar and azimuthal angle) of these dead regions has been determined in [19] . The region of dead BGO boxes known from calibration runs is extended by the region defined by the angular resolutions of the missing momentum direction for the expected background reactions. The angular resolution is determined separately using qqγ events. For data and Monte Carlo simulations, we remove those events where the missing momentum points in the direction of these dead regions. For the signal we reduce the luminosities of the different run periods according to dead solid angle as given in Table 6 . The overall efficiency reduction is computed as the luminosity weighted sum over all running periods and is equal to 13% independent of the stop and the neutralino masses.
Running Period 92a 92b 92c 93a 93b 93c 94a 94b 94c 94d Solid Angle Reduction (%) 1.9 10.2 10.2 17.4 12.2 21.6 2.1 2.1 30.3 30.3 Table 6 : Solid angle loss due to dead BGO boxes for each period.
The reduction of the detection efficiency arising from the preselection veto of luminosity monitor energy deposits and on the EM25 cut have been investigated concerning the data reduction due to detector noise. For each running period, 60000 random beamgate events are triggered. For EM25, the energy deposits from detector noise consist of 0.6 GeV in the hadron calorimeter and of about 0.1 GeV in the electromagnetic calorimeter. Since the uranium noise in the hadron calorimeter is satisfactorily simulated, the uncertainty on the reduction of the selection efficiency due to the EM25 cut is negligible. For the luminosity monitor, the noise consists mainly of background from the LEP accelerator. This background is not simulated and, it could result in a rejection of data which is not taken into account in the expected signal efficiency. The spectrum of the energy in the luminosity monitor, selected by the random beamgate trigger, is shown in Fig. 5 . A negligible number of less than 0.9% data events is rejected.
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Elumi (GeV) Figure 5: Energy in the luminosity monitor from detector noise using beamgate triggers. Less than 0.9% data is rejected by the preselection cut. The first plot shows the energy cutoff at 1.5 GeV for energy deposits in the luminosity monitor. The second plot shows the energy deposits in the luminosity monitor for the events rejected by the preselection veto.
The effect of the TEC tracking inefficiency on the detection efficiency is studied. The single track efficiency is 96.5%, based on τ studies [20] . The resulting reductions in the signal efficiency are summarized in Table 7 . We take into account a constant reduction of 2.6% for the whole mass range. Table 7 : Efficiency reduction in the LEP1 analysis due to TEC tracking inefficiency for a 43
GeV stop mass as function of the difference between stop and neutralino masses.
Systematic Errors
The major contributions to the systematic errors are due to:
• Stop hadronization scheme: The uncertainty of the stop hadronization used in the generator is included by varying the minimum and maximum value of the visible energy by 2 GeV. The effect is summarized in Table 8 .
• Charm fragmentation: To study the influence of the charm fragmentation we have varied the fragmentation parameter at the generator level within its error by 0.002. This leads to a change in the efficiency of 4%.
In addition, the systematic error resulting from the normalization with the luminosity of each center-of-mass energy is less than 0.5%. For the different Monte Carlo programs we assume a difference of 1.5% in the jet shape [21] . This leads also to an error of less than 1% for the signal. An uncertainty of 1% for the stop cross section calculation is also taken into account. The overall systematical error is 4.5%. In addition to the systematic error, the statistical error due to the limited Monte Carlo signal statistics lies between 2 (large ∆m) and 12% (small ∆m).
Results and Conclusions
No stop candidate has been observed. Model independent cross section limits are given in Fig. 6 at 95% CL for LEP1 and LEP1.5 data as function of stop and neutralino masses. The limits within the kinematical reach of LEP1 are much stronger due to the much larger data sample at LEP1.
In the MSSM limits are presented based on the expected cross section [22] as function of stop and neutralino masses as well as the mixing angle cos θ LR . The limits from LEP1 and LEP1.5 are shown in Fig. 7 as function of the mixing angle cos θ LR and the stop mass with the only assumption that the difference between stop and neutralino masses is larger than 10 GeV. For cos θ LR > 0.73 LEP1.5 gives significantly stronger mass limits. Independent of the mixing angle stop pair production is excluded for stop masses less than 43. 4 GeV.
An exclusion plot is presented in Fig. 8 for the special case of cos θ LR = 1 as a function of stop and neutralino masses. The excluded mass region is significantly extended by about 9 GeV compared to the LEP1 kinematic threshold of 46 GeV. 
